The current study aimed to assess the binding potential of herbal lead molecules against the prioritized molecular targets of chikungunya virus (CHIKV) and dengue virus (DENV) by computational virtual screening and suggests a novel therapeutic intervention. Based on the metabolic pathway analysis and virulent functions, the non-structural and envelop proteins present in CHIKV and DENV were identified as putative drug targets. The structures of the protein not available in their native forms were computationally predicted by homology modeling. The lead compounds from 43 herbal sources were screened and their drug likeliness and pharmacokinetics properties were computationally predicted. The binding potential of selected phytoligands against the prioritized drug targets were analyzed by molecular docking studies. This study revealed that Kaempferol (3,5,7-trihydroxy-2-(4-hydroxyphenyl)chromen-4-one) and Chymopain (disodium;4,5-dihydroxybenzene-1,3-disulfonate), natural flavonols present in Carica papaya and Gossypetin (3, 5, 7, 8, 3′, 4′-hexahydroxyflavone), a natural flavonoid available in Hibiscus sabdariffa were demonstrated promising good binding potential with minimum binding energy (kcal/mol) and maximum stabilizing interactions to the putative drug targets of CHIKV and DENV. The selected lead molecules demonstrated ideal drug likeliness, ADMET (adsorption, distribution, excretion, metabolism and toxicity) features required for the drug development. The molecular docking studies suggested that the presence of these compounds probably responsible for the antiviral properties of Carica papaya, which was traditionally known as therapeutic remedy for dengue viral infections. This study provides profound insight for the experimental validation of the applied approach and industrial scale-up of the suggested herbal lead molecules as promising lead candidates against CHIKV and DENV infections.
Introduction
Dengue virus (DENV) and chikungunya virus (CHIKV) are the most widespread flaviviruses that re-emerged throughout recent decades and contributed high-level global public health threats (Al-Tawfiq and Memish 2018; Carrillo-Hernández et al. 2018 ). Chikungunya and dengue, both the co-infections are transmitted by Aedes mosquito with the same geographical areas of infection (Perera-Lecoin et al. 2016) . Dengue virus was first reported in China during AD 265-420 while Chikugunya virus was first reported in Tanganyika, Africa, in 1952 (Rashad et al. 2014; Dayaraj 2014) . There are four serotypes of dengue viruses identified which included DENV-1, DENV-2, DENV-3, and DENV-4, where the infection of any of these serotypes showed a wide symptoms ranging from mild to severe dengue (SD) fever with various complications such as bleeding and plasma leakage (Soe et al. 2018) . The co-infections transmitted through enzootic cycle such as sylvatic cycle and urban cycle. Sylvatic cycle circulates between forest residing mosquito and non-human primates; whereas urban 1 3 274 Page 2 of 14 cycle circulates between human-to-mosquito and mosquitoto-human (Powers 2015) .
The World Health Organization (WHO) has recently reported the presence of DENV in more than 125 countries, and more than 50% of the society is at greater risk of DENV. Approximately 2.5 billion people from more than 110 countries are at threat of the infections caused by these viruses every year due to the lack of efficient therapies and treatments (Soe et al. 2018) . Around 50-100 million cases were estimated to occur in more than 100 countries. The survey carried out in 2016 reported approximately 12,255 and 27,879 cases of chikungunya and dengue, respectively. Millions of the people were suffered from CHIKV infection across the world. Among them, India was one of the worst affected countries with over 1.4 million reported cases (Luis et al. 2016) .
CHIKV and DENV are single-stranded positive sense RNA viruses of approximately 11 kb of genome size (Perera-Lecoin et al. 2016) . CHIKV has two terminal open reading frames (ORFs) . N-terminal codes for four nonstructural proteins (NSP1-NSP4). 3′-terminal codes for five structural proteins [caspid protein, envelop proteins (E1, E2, E3) and RNA protein (6K)] and 5′-terminal codes for four non-structural proteins (NSP1, NSP2, NSP3 and NSP4) (Rashad et al. 2014) . Whereas DENV genome contains a cap-like structure at 5′-terminal, however, lacks the 3′-polyadenylate tail. 5′-terminal open reading frame (ORF) codes for large number of poly-proteins and 3′-terminal codes for un-translated regions (UTRs) (Bruno 2011) .
Till date, there are no reports of licensed vaccine available for dengue and chikugunya. One of the recent studies revealed that certain protein biomarkers were identified in understanding the severity of dengue viral infection by immune-associated protein microarray (Soe et al. 2018) . Furthermore, modern drug discovery approaches depend on computational biology and comparative genomics and proteomics which play a vital role in finding probable drug targets and novel lead molecules towards several molecular targets (Abu Bakar and Ng 2018; Tan et al. 2018) . The metabolic pathways have become an essential ensemble in the field of computational biology. Previous studies have described that most of the viral pathogens utilize toll-like and RIG-I-like receptor signaling pathways. These pathogens consist of unique motifs which are identified in the surface of the cells and endosome-associated toll-like receptors (TLRs) and RIG-I-like receptors (RLRs) (Paymen et al. 2009; Kawai and Akira 2008) . Based on this knowledge, it can be assumed that surface protein plays a vital role in the interaction of the virus to the host and probably considered as putative molecular targets. The selected targets have diverse range of functions: CHIKV non-structural proteins take part in cleaving and cellular protein inhibition. CHIKV envelop proteins helps in viral attachment. In the case of DENV, non-structural protein plays an important role in replication of the viral genomes, and envelop and caspid proteins take part in virion budding and replication.
The medicinal plants are known to possess several innumerable bioactive compounds and depicted importance in tackling invasive viral infections which include DENV and CHIKV. The formulations of bioactive compounds from several herbal sources have previously demonstrated to possess good antiviral activities (Powers and Setzer 2016; Vázquez-Calvo et al. 2017; Gómez-Calderón et al. 2017; Dhama et al. 2018) . Although the extract of papaya (Carica papaya) is known to have antiviral activities against DENV, major compounds present in papaya extract and their therapeutic potential is yet to be explored. Further, to the best of our knowledge, the antiviral potential of compounds present in the herbal sources commonly found in India such as Hibiscus sabdariffa are not yet elucidated. Thus, screening of lead molecules from these herbal sources against the putative molecular targets provides crucial ideas for the development of future antiviral agents against DENV and CHIKV. Hence, the present study aimed to screen several natural molecules from herbal sources that can potentially bind to prioritized drug targets of both DENV and CHIKV, and predict the probable inhibitory mechanism of these lead molecules by computational screening.
Materials and methods

Metabolic pathway analysis using KEGG
The metabolic pathway analysis was carried out by database search in Kyoto Encyclopedia of Genes and Genomes (KEGG). The metabolic pathways of host systems of DENV and CHIKV were retrieved from KEGG pathway database. Most of the virus families follow the RIG-I-like and Toll like pathways, and play a major role in triggering anti immune response in the host (Yoneyama and Fujita 2009; Zhong et al. 2008) . The target genes such as MITA (Mediator of IFN regulatory transcription factor 3 activation), NLRX1 (NLR Family Member X1) (Moore et al. 2008) , TRAF3 (Bowie 2010) , IPS-1(interferon-β promotor stimulator-1) were selected based on network analysis and functional roles by detailed pathway analysis.
Prediction of probable drug targets
Through extensive analysis of the metabolic pathways, the target genes which take part in triggering anti-immune response in the host cell were identified. Thus, the protein targets which perform the resembling functions were retrieved from UniProt-KB. The non-structural proteins such as NSP2 and NSP3, and envelop proteins such as E1 and E2 were selected as the probable drug targets of CHIKV. Similarly, the non-structural proteins such as NS1 and NS5, and envelop protein ENVP were selected as the putative drug targets of DENV.
Molecular modeling of target proteins
The three-dimensional structures of the probable drug targets which are not available in their native form were modeled by homology modeling by Modeller 9v18 (Fiser and Sali 2003) . Thus, the three-dimensional structures of CHIKV non-structural protein 3 (NSP3), CHIKV envelop protein 1 (ENVP1), CHIKV envelop protein 2 (ENVP2), DENV non-structural protein 1(NS1), DENV non-structural protein 5(NS5) and DENV envelope protein (Protein E) were computationally predicted. The amino acid sequences of these proteins were retrieved from Uniprot-KB. The best template structures were obtained by BLAST search based on the alignºy ranges from 30 to 98%, query coverage ranges from 60 to 100% and E-value ranges from 0.00 to 8e-132. The description of the best templates selected for homology modeling of the protein targets are shown in Supplementary material, Table 1 . The template structures were retrieved from PDB database (Meyer 1991) and were saved in .atm format. To get the best homologous template, multiple sequence alignment between target and template was performed by Clustal W (Thompson et al. 2002) and the file was saved in PIR format. The alignment file was saved in .aln format. The script file was prepared in .py format and homology modeling was carried out by Modeller 9v18 (Fisher and Sali 2003) . The secondary structures of the predicted models were visualized by PyMOL (Seeliger and de Groot 2010 ).
Model refinement and validation
The hypothetical proteins were refined and validated by various bioinformatics tools. The stereochemical validity of the models was predicted by ProCheck (Ramachandran plot) (Laskowski et al. 1993 ). The quality factors of modeled proteins were analyzed by ProSA (Wiederstein and Sippl 2007) in the form of z score. The quality check of modeled proteins by assessing the average residues qualifying the 3D-1D score was predicted by Verity 3D. The quality factor of the modeled proteins by the output plot of error function was predicted by ERRAT (Colovos and Yeates 1993) . The models were further refined and assessed by the forced field such as GROMOS, ANOLEA and QMEAN available in SWISSMODEL server (Torsten et al. 2003) . The hypothetical models were energy minimized by Modrefiner (Xu and Zhang 2011) . 
Selection and screening of lead compounds
Prediction of drug likeliness and ADMET for selected compounds
The selected lead compounds were screened for ideal drug-likeliness, ADME and toxicity properties by Pre-ADMET server (Veber et al. 2002) . Lipinski rule of five (Lipinski et al. 2001) , CMC (Comprehensive Medicinal Chemistry) rule (Ajay et al. 1998) , MDDR (MDL Drug Data Report)-like rule (Frimurer et al. 2000) , WDI (World drug index)-like rule (Wagener et al. 2000) and Lead-like rule were used as filters for the prediction of the drug-likeliness properties of the compounds. The ADME prediction was carried out for various statistical models available in PreADMET such as blood brain barrier (BBB) (Ajay et al. 1999) , Human intestinal absorption (HIA), caco2 cell permeability (Yazdanian et al. 1998 ) and MDCK cell permeability (Irvine et al. 1999) . The statistical models for toxicity in algae models (Ames and Gold 2000) , Ames test (Mortelmans and Zeiger 2000) , carcinogenicity in mouse and rat models, daphina toxicity, hERG inhibition, fish toxicity (Medaka and Minnow), TA100_10RLI test, TA100_NA, TA1535_10RLI and TA1535_NA were used to predict the toxicity of the selected lead molecules.
Molecular docking studies of probable dug targets with the selected leads
The molecules filtered by drug likeliness and pharmacokinetic prediction which qualified the features required for ideal lead molecules were selected. The three selected ligands were docked against all the selected protein targets of CHIKV and DENV by AutoDock Vina (Trott and Olson 2010) . The selected receptors were energy minimized by ModRefiner before the docking studies. The target protein structures were loaded into the file and the polar hydrogen atoms were added. The probable binding pockets present in the selected receptors were predicted by Q-SiteFinder (Laurie and Jackson 2005). The ligand structure was loaded into the program and the root atoms, number of torsion, rotatable and non rotatable bonds were assigned to the ligand and the file was saved in .pdbqt format. The grid box was assigned for target structures by setting the 3D coordinates for the binding pocket. The x, y, and z coordinates were specified in the configuration file. The total grid point per map for each of the selected receptor was assigned by fixing the values for number of points in x, y, and z-dimensions (size_x, size_y, size_z). Similarly, the parameters values for center grid box of each receptor (center_x, center_y, center_z) were assigned as per the standard protocol (Trott and Olson 2010) . The exhaustiveness was set as eight. The docking was performed through command prompt. The output (log) files of nine best confirmations were generated. The best docked conformations were ranked according to minimum binding energy (kcal/mol), docking score, cluster RMSD, number of hydrogen bond formed and the residues present at the close proximity of 1. 0 Å VWD scaling factors. Out of which the first confirmations were selected as the best predicted model.
Similarly, the three-dimensional structures of the two putative targets of CHIKV (non-structural protein 2; PDB ID: 3TRK) and DENV (Caspid Protein-Protein C; PDB: 1R6R) which are available in their native form were retrieved from PDB database. The binding pockets present in the selected receptors were predicted by Q-SiteFinder. The grid box was assigned to the binding pockets of each receptor and docking was performed by Lamarckian Genetic algorithm as per the standard protocol. Each selected targets from CHIKV and DENV were docked against three selected ligands such Kaempferol (Carica papaya), Chymopain (Carica papaya) and Gossypetin (Hibiscus sabdariffa) by AutoDock Vina. Out of various conformations of best binding poses, the first conformation was selected. The interaction between target and ligand was within VDW scaling factor 1.00 which was selected based on the binding energy (kcal/mol), hydrogen bonding, cluster RMSD, number of interacting residues of the first and best docked pose. The binding potential of phytoligands was thus predicted.
Results and discussion
Pathway analysis
The protein targets were selected by the analyzing the interaction between the host (Homo sapiens) and pathogen by KEGG pathway searches. It was found that most of the virus families follow the RIG-I-like and Toll-like pathways (Kawai and Akira 2008) . Studies reported that the replication of the CHIKV could be through Toll-like receptors (TLR3), which is responsible for the production of antiviral response and interferons. Innate immune responses play a vital role in clearing the CHIKV infection in cells (Li et al. 2012) . Thus, through metabolic pathway analysis, the proteins which take part in triggering innate immune response and helps in immune cell invasion were selected as the protein targets. MITA (Mediator of IFN regulatory transcription factor 3 activation), NLRX1 (NLR Family Member X1), TRAF3 and IPS-1 (Fig. 1 ) genes were selected from the RIG-I-like pathway based on the functional role. Previous studies also suggested that membrane proteins play a major role in trigging anti-immune response in virus family and can be explored as molecular targets (Yoneyama and Fujita 2009) . MITA is a transmembrane protein, which is an important adapter protein to mediate the induction of type 1 interferon. This protein acts as a facilitator for innate immune signaling (Zhong et al. 2008) . NLRX1 is a protein coding gene which regulates antiviral immunity of mitochondria (Moore et al. 2008) . IPS-1 (interferon-β promotor stimulator-1) is mitochondrial signaling protein which produces innate response against RNA viruses (Fredericksen 2008) . TRAF3 is a TNF receptor-associated factor which takes part in signal transduction, which is an important factor for the activation of the immune response (Bowie 2010) . Hence, considering all these key properties of the proteins, these protein coding genes were selected as putative molecular target for computational drug screening.
Prediction of probable drug targets
The protein targets were selected through extensive analysis of RIG-I-like pathway, which revealed that the membrane protein play a major role in immune response of viral cells (Yoneyama and Fujita 2009 ). The genes which perform similar functions were selected from pathway analysis, and proteins which play resembling functions in the CHIKV and DENV were selected as the target proteins. In the present study, eight proteins were selected as the probable drug targets out of which four targets for DENV and four targets for CHIKV. The three-dimensional crystal structures of the proteins were retrieved from PDB database (Meyer 1991) (Table 1) . Based on membrane functions, the protein targets selected were CHIKV non-structural proteins 2 (PDB: 3TRK) which cleave and release the four mature proteins and perform cellular protein inhibition (Xie et al. 2015) , CHIKV non-structural proteins 3 which promote the viral nucleocapsid releases in cytoplasm after endosome and viral membrane fusion (Malet et al. 2009 ), CHIKV envelop protein 2 (CHIKV E2) is responsible for viral attachment to target host cell, by binding to the cell receptor (Khan et al. 2002) . A DENV non-structural protein 1 is involved in the immune evasion, pathogenesis and viral replication (PuertaGuardo et al. 2016) . A DENV non-structural protein 5 takes part in the replication of the viral genome and functions as the capping of genomes in the cytoplasm (Ashour et al. 2009 ). DENV caspid protein (PDB: 1R6R) plays a role in virus budding by binding to membrane and gathering the viral RNA. DENV envelope protein plays an important role in virion budding in the endoplasmic reticulum (Ma et al. 2004 ).
Molecular modeling and assessment of protein targets
The proteins which lack the three-dimensional structure were modeled by Modelleor 9v18 (Fiser and Sali 2003) and the description is shown in Supplementary materials, Table 1 . The best templates were obtained based on BLAST search against PDB database. The parameters such as total score, query coverage, percentage of identity and expected value (E value) were used for the selection of ideal templates (Supplementary materials, Table 1 ). The secondary structure of the modeled proteins after homology modeling is shown in Supplementary materials, Fig. 1 . The quality assessment of modeled proteins was performed using various bioinformatics tools. The stereochemical validation of the theoretical models in terms of z score was obtained from ProSA (Wiederstein and Sippl 2007) Fig. 4 . Further, the model evaluation and quality check performed for the theoretical models by GRO-MOS, ANOLEA and QMEAN are shown in Supplementary Table, Fig. 5 . From the computational validation exercises, it is clear that most of the structures qualify the assessment criteria required for a quality model. Hence, these modeled structures might have similar accuracy in comparison with experimentally solved structures and probably considered to be the putative drug targets. Table 2 ). Further screening suggested that 27 compounds qualified for ADME and selected for toxicity prediction. The predicted ADME results suggested that most of the molecules predicted to have good skin and Caco2 permeability, good human intestinal absorption and other features (Supplementary material, Table 3 ). The lead compounds were predicted to be positive for mouse or rat carcinogenicity models. The ADEMET predictions of the selected molecules are shown in Supplementary material, Table 4 . The molecules which qualified various criteria required for toxicity, such as algae test, mutagenicity assay, carcino mouse or rat models, were selected as the lead compounds for the study. The computational screening suggested that Papain, Carpaine, Kaempferol, Chitinase, Glutaminol, Cysteine, and Chymopain were selected as the possible ligands present in Carica papaya with best drug likeliness and ADMET properties. Gossypetin and Anthocyanin were selected were the probable ligands present in Hibiscus sabdariffa. Atropine and hyoscyamine are selected as the possible compounds from Datura stramonium. Out of 27 molecules screened, 3 compounds, namely, Kaempferol, Chymopain and Gossypetin, were found to be ideal lead molecules in terms of carcinogenicity in mice or rat models and minimum scoring function for algae model. Hence, these lead molecules were considered as the probable ligands. Chymopain was predicted to be positive for carcinogenicity in mouse and rat models, and hence considered as a lead compound. Since the drug discovery process is the long-term process, computeraided screening provides an efficient way in screening and scrutinizing the compounds with ideal drug likeliness and pharmacokinetics features, major parameters required for drug discovery and development processes.
Study of the binding potential of phytoligands against probable drug targets
The eight target proteins were selected as the probable targets for the study based on their functional properties. The selected protein targets were docked against three lead compounds such as Kaempferol and Chymopain present in Carica papaya and Gossypetin present in Hibiscus sabdariffa (Fig. 2) . The best docked conformations were analyzed based on their interaction, binding energies (kcal/mol), cluster RMS values, number of hydrogen bonds taking part in the interaction and number amino acid residues present at the binding site. The binding potential of three ligands screened from 107 compounds towards the selected drug targets by molecular docking studies are shown in Table 2 . Docking studies suggested that Kaempferol (3,5,7-trihydroxy-2-(4-hydroxyphenyl)chromen-4-one), a natural flavonol, present in Carica papaya was predicted to possess a good interaction with choline-binding protein of CHICKV known as chikungunya non-structural protein 3(NSP3) which is shown in Fig. 3a . Kaempferol binds with NSP3 with the binding energy of −8.2 kcal/mol. The interaction is stabilized by three hydrogen bonds and Ala22, Asn24, Ser110, Thr111, Gly112 and Tyr114 were the residues present at the binding site (Fig. 3a) . Kaempferol also showed good binding potential to chikungunya envelop protein E2 with the binding energy of − 7.7 kcal/mol. The interaction between CHIKV E2 and Kaempferol is stabilized by two hydrogen bonds and Asp43, Phe141, Arg144 and Arg267 were identified to be the interacting residues present at the binding site (Fig. 3b) . Kaempferol showed good binding affinity towards DENV envelop protein with the binding energy of − 7.2 kcal/mol and Arg83, Leu292, His313 and Asn314 were identified to be the major binding residues at the binding pocket (Fig. 3c) . Similarly, Kaempferol demonstrated good binding to dengue non-structural protein 1(NS1) with the binding energy of − 7.5 kcal/mol. There were no hydrogen bonds formed and Ile19, Cys15, Gly16, Gly18, Phe20, Lys92 and Lys189 were identified to be the amino acid residues present at the binding cavity (Fig. 3d) . Chymopain (disodium; 4, 5-dihydroxybenzene-1, 3-disulfonate) was another selected lead molecule probably present in Carica papaya which showed good binding potential against chikungunya non-structural protein 3(NSP3) with the binding energy of − 6.4 kcal/mol. The interaction was stabilized by two hydrogen bonds and His179, Asp181, Thr269 and Arg272 were found to be the interacting residues at the binding site (Fig. 4a) . Chymopain also showed the good interactions with chikungunya envelop protein 2 with the binding energy of − 5.9 kcal/mol and the interaction was stabilized by a hydrogen bond. Gly23, Glu24, Arg86, Thr112, Thr124 and Thr126 were identified to be the interacting residues found at the binding site (Fig. 4b) . Chymopain showed interaction with dengue envelop protein with the binding energy of -6.5 kcal/mol and the interaction was stabilized by a hydrogen bond. His179, Asp181, Thr269 and Arg272 were identified to be the interacting residues present at the binding cavity (Fig. 4c) . Similarly, Chymopain showed good interaction with dengue non-structural protein 1 with the binding energy of − 5.9 kcal/mol and the interaction was stabilized by three hydrogen bonds. Arg58, Ser94, Ala98, Asn139 and Ser351 were identified to be the interacting residues present at the binding pocket (Fig. 4d) . Further, the molecular docking studies suggested that Gossypetin (3, 5, 7, 8, 3′, 4′-hexahydroxyflavone) , a natural flavonoid available in Hibiscus sabdariffa, was selected as the lead molecule that showed good binding potential to chikungunya non-structural protein 2 (CHIKV NSP2) with binding energy of − 7.8 kcal/mol (Fig. 5a ) and the interaction is stabilized by a hydrogen bond. Arg104, Cys105, Pro133, Ile136 and Phe141 were identified to be the interacting residues at the binding pocket. Gossypetin also showed good interactions with other selected target proteins. The best docked complexes between Gossypetin and CHIKV NSP3, CHIKV E2 and DENV NS1 were stabilized by the binding energies of − 7.4, − 7.4 and − 7.7 kcal/mol, respectively ( Fig. 5b-d) .
The interacting residues present in the binding pocket and number of hydrogen bonds formed are shown in Table 2 .
The current study based on computational modeling suggested that three selected herbal ligands demonstrated the good binding potential against the prioritized targets of dengue and chikungunya viruses. Previous studies based on computational modeling suggested that natural phytoligands can be used as potential inhibitors of viral infections such as dengue and chikungunya (Byler et al. 2016; Seyedi et al. 2016) . Previous studies also suggested that plant-based bioactive compounds showed good inhibitory properties against various viral targets and found to be putative lead molecules in terms of bioactivity, safety and efficiency towards various protein targets (Ruwali et al. 2013) .
From the study, it is clear that the lead compounds selected qualified the drug-likeliness and ADMET features and, therefore, can be prioritized as leads against the selected protein targets. Previous studies revealed that some non-peptide inhibitors of papain family can be used as potential inhibitors against dengue virus (Ramakrishnan et al. 2017) . Thus, the current study provides the more detailed analysis of Chymopain which can probably be the putative ligand against DENV and CHIKV targets. There are reports on Kaempferol as the lead compound against various targets of DENV and CHIKV (Santhanam and Waheeta 2017) ; however, limited description is available on their binding potential and inhibitory activities towards the prioritized targets of DENV and CHIKV. Thus, the current study provides insight on further experimental validation and biochemical assays based on the computational prediction of the binding potential Kaempferol against DENV and CHIKV targets. Gossypetin is one of the very rarely studied molecules towards viral infection and present study provides insight on the binding potential of this lead molecule towards DENV and CHIKV targets, which also opens several future investigations. The antiviral potential of the herbal extract of Carica papaya has been well established, and the leaf and seed extracts have been used as traditional medicine against dengue fever in Southeast Asia. However, the bioactive compound responsible for the antiviral potential is yet to be established. The current study thus suggested that Kaempferol and Chymopain present in Carica papaya predicted to have potential binding towards the selected drug targets of DENV and CHIKV. The presence of these two lead molecules might be probable the reasons for the antiviral potential of Carica papaya extract. Similarly, the current study suggested that Gossypetin present in Hibiscus sabdariffa showed good binding with the selected drug targets of DENV and CHIKV. There are very limited reports available on the antiviral potential of Hibiscus extract.
The present study draws conclusion based on computational prediction and the applied aspect needed to be validated experimentally. Further, the binding potential of the lead molecules are predicted based on molecular docking studies; thus, molecular dynamic simulation studies are essential to validate the stability of the docked complexes. Further, the ligand-binding site analysis of similar targets or similar ligands can be performed to cross-verify the results and get accuracy of the prediction. In such case, the ligand structures can be overlaid in the binding pocket of the known receptor with their usual ligands and RMSD calculations of the superimposed structures can be performed to achieve better modeling. Furthermore, the drug likeliness and pharmacokinetic properties of the suggested molecules needed to be tested and validated with the purified form of the suggested lead molecules. The current study certainly provides fundamental insights for the future investigation. 
Conclusion
Dengue and chikungunya have become major public health concern worldwide, till now; there are no licensed medicines available in the market. Hence, there is an emerging need for screening of new lead candidates for the inhibition of DENV and CHIKV. The current study focuses on predicting the binding potential of novel herbal-based compounds against the selected drug targets of DENV and CHIKV. The computational screening suggested that natural flavanoids such Kaempferol and Chymopain present in Carica papaya and Gossypetin present in Hibiscus sabdariffa possessed ideal drug likeliness, ADMET features and good binding potential towards the most of the selected molecular targets of DENV and CHIKV. It has been known that papaya (Carica papaya) extract has been used for the treatment of dengue; however, limited knowledge is available on the bioactive compounds and probable biochemical mechanism of the antiviral activity of papaya-based formulations. Similarly, there is sparse knowledge available on Gossypetin present in Hibiscus could act as probable lead molecules towards the targets of DENV and CHIKV. Hence, this study provides insight on the probable biochemical mechanism of the inhibitory activity of the compounds present in papaya and Hibiscus. This study certainly provides novel insight for further experimentation to validate the therapeutic potential of the selected flavanoids towards the molecular targets of DENV and CHIKV. 
